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FOREWORD 



The guidelines in this document have been developed to provide 
assistance to school jurisdictions in the development of policy for 
the use of calculators in classrooms. The guidelines are intended 
to be flexible so that school jurisdictions can make modifications 
to suit their specific needs. In addition, these guidelines provide 
some assistance to the teacher in planning appropriate experiences 
for students. 
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A. POSITION STATEMENT ON CALCULATORS 

IN THE CLASSROOM 



Alberta Education encourages the use of calculators in 
Alberta classrooms. Their use and potential as instructional and 
computat iona I aids provides new and meaningful alternatives and 
opportun i t i es in the learn i ng process. 1 1 must be strong I y 
emphasized that the calculator is not a replacement for the 
learning of basic facts and mental computations. 

As teaching devices calculators can contribute significantly 
to mathematics and mathematics-related subjects. As instruction al 
aids, they can ass i st in the deve iopment and re i n for cement of 
mathematics concepts and processes, and motivate shudenTS to 
experiment with mathematical ideas. While their application in 
mathematics is obvious, their use can be extended to other subject 
areas. As computat ional tools they reduce the time needed to 
solve problems, thereby allowing an opportunity to emphasize 
mathemat ica I processes and app I i cat ions. Through ef f ect ive use 
ca I cu I ators can i mprove student att i tudes and mot i vat i on . It is 
apparent then that the ca I cu lator shou I d not be vi ewed sol el y as 
an instrument to achieve rapid and accurate computations. 

Other electronic devices that provide immediate feedback to 
students based on programmed questions and game activities are not 
to be confused w i th ca I cu i ators. These dev I ces can be used to 
reinforce computational skills through drill. 



B. GUIDELINES FOR THE USE OF CALCULATORS 



1 • The use of the calculator is encouraged throughout 
Grades 1-12 , 

When used appropriately, the calculator helps to fobter 
exploration and experimentation, and develop and reinforce 
concepts. As well, 1he calculator * militates problem 
solving and encourages student interest in mathematics and 
mathemati ca I I y- *e I ated subjects. 

a. Primary Level (Grades 1-3) 

"i he calculator should be used to extend, verify and 
explore mathematical ideas. 

It is recommended that one or two calculators be used 
occasionally at an interest centre. Seldom should the 
calcuiator be the focus for the entire class. 
Constructive use individually, or in a group mode 
supported by task cards, is encouraged. 

It mus1 be emphasized that calculators provide 
alternative or supplementary experiences for young 
children, but the continued use of manipulative material 
such as centimetre cubes, attribute blocks, numeration 
blocks etc. , for initial teaching is essential. 

b. Intermediate Level (Grades 4-6) 

Whenever possible the use of calculators is encouraged to 
support the attainment of the objectives of the 
curr i cu I urn. 

Calculators should be used in the two following areas: 

i. As an instructional tcol in the development of 
appropriate concepts in the Mathematics Program. 

ii. As a computational tool in problem-solving 
s i tuat ions. 
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To facilitate the instructional use of calculators, it is 
s tron g I y recomme nd ed th at a class room set of ca I c u I at or s 
be available at each elementary school. 

c. Junior High Level (Grades 7-9) 

The use of calculators as an i nstruct iona I tool is 
encouraged ■ n the attai nment of appropri ate curr i cu lum 
objectives. 

The computational use of calculators is recommended where 
long and/or extended computations are required. Students 
should ieceive instruction regarding the capabilities and 
proper use of the ca leu I ator pr i or to usi ng it as a 
computat iona I too I • 

Classroom sets of calculators should be available for use 
in the junior high school. 

d. High School Level (Grades 10-12) 

The use of the ca I cu I ator as a computational tool i s 
strong I y recommended. 

Similar to the junior high need for instruction in 
calcu I ator I iteracy , there is a I so a need for such 
instruction at the senior high level. 

In view of the frequent use of calculators in high school 
mathematics and science courses, all students should be 
encouraged to purchase and maintain their own 
calcu lators. 

2. The ease and speed with which computations can be made on a 
ca leu I ator shou I d not be regarded as a subst i tute for 
learning the basic skills. The value and importance of the 
essential learning objectives are the primary consideration. 

3. Students should be encouraged to use calculators in 
i magi nat i ve ways for exp lor i ng, d i scover i na and deve lop i ng 
mathematical concepts, but care must be taken that the 
calculator does not become a replacement f or other well-proven 
strategi es. 



- 3 - 



ERIC 



8 



4. There will always be the need for students to possess 
paper-and-penci I comp'jtat iona I sk ills* The use of 

calculators does not replace needed understanding and skills 
in mathematical operations and algorithms. The calculator 
can assist in solving problems or obtaining correct answers 
if the right buttons ere pressed. If the student does not 
know which numbers to use and how to use them the calculator 
will be of no use. 



5. Introduction to the calculator does not presuppose that a 

student has mastery of the basic facts or computational 
skills. For example, at the elementary level students can 
successfully explore number patterns with a calculator 
without knowing the basic facts. 



6. Students should be allowed time to explore the capabilities 
of the calculator prior +o directed activities. Knowledge 
occurs when students are encouraged to become acquainted with 
a new learning device through exploration and discovery. 
However, they should be discouraged from using the calculator 
solely or primarily for checking paper-and-penci! work. 



7. The selection and purchase of a calculator should be guiosd 
by the grade level and the nature and purpose of 
i nstruct ion. 

(The Calculator Selection Guidelines on pages 9-1 1 address 
this question more close 1 /.) 



8. Calculators should be provided to students who simply cannot 
master the basic skills, in order to meet their arithmetic 
needs. 



While the vast majority of students will have no difficulties 
in meeting grade expectations in computational facts and 
procedures, a small but significant proportion of students 
may never master these skills. Use of the calculator may 
facilitate the learning of some mathematics and help to 
create a positive attitude towards mathematics in general. 

9. At the local level, the use of calculators in district or 
school examinations should be governed by a policy statement 
that is common to all schools within the jurisdiction. 
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On provincial ly mandated high school examinations, the use of 
calculators is governed by THE POLICY STATEMENT ON THE USE OF 
CALCULATORS ON ALBERTA EDUCATION EXAMINATIONS. (See Appendix 
E.) 



10. Prior to the introduction of the calculator in elementary and 
junior high schools, it is recommended that: 

i. an in-service program for teachers be implemented 
ii. parents be informed as to + he intent and procedures 
employed in introducing calculators into the classroom. 
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APPENDIX A 

Research Summary 



1 • Avai labi I ity 

Data from the Second Mathematics Assessment of the National 
Assessment of Educational Progress (NAEP) supports the fact 
that many children have access to calculators outside of the 
cHssroom: 75$ of 9-year-olds, 8CJf of 13-year-olds, and 85% 
of 17-year-oldr either own their own calculators or have one 
available to use (Carpenter, 1 98 1 ) • 



2. Instructional Use 

Data from studies continue to support the fact that students 
who use calculators for instruction achieve at least as high 
or higher scores on mathematical achievement tests than 
students not using calculators, even though the calculator 
was not used on +he tests. The NAEP results show that with 
very limited orientation, students do perform routine 
computation better with the aid of a calculator. With 
respect to problem-ooh'ing techniques, the performance of 
0- anu students using calculators was poorer than 

that of students without calculators. Comparisons of 
problem-solving performances at all age levels with and 
without the aid of calculators provides convincing evidence 
that calculators do not solve problems, people do. 
Strategies, such as trial and error, that take special 
advantage of the calculator need to be introduced, developed 
and encouraged. Problem-solving requires far more than 
computation — it demands understanding, correct choice of 
operations, and selection of values to operate in a 
particular order. It is then, and only then, that 
calculators become helpful tools. 



In ano+her study of grade six students, it was reported thcjt 
students who solved problems with the aid of caicula+ors used 
a larger number and variety of processes than did the 
non-Cdlcu lator group. Both groups had received six weeks of 
training in problem-solving processes. There was no 
significant difference, however, In the time taken to solve 
the problems. It was noted that the non-calculator group 
spent more time computing and the calculator group more time 
analyzing the problem (Wheatley, 1980). 

- 6 - 
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3. Attitudes 



When beliefs and attitu' 4 s are surveyed, it becomes obvious 
that many persons ignore the evidence from research on 
achievement and learning. Perceptions of the uses and 
importance of calculators in the mathematics curriculum 
depend primarily on the audience surveyed. The Priorities in 
Schc » Mathematics Project (1979) devoted about 20% of its 
items "io ascertaining how educators at all levels from 
primary through college, parents, and school board members 
feel about the use of calculators. Educators were much more 
support ive of i ncreased use of ca I cu lators than were 
non-educators: 54% of the educators but only 56% of the 
non-educators would increase emphasis on them during the 
1980 f s« Strongest support came frc^ supervisors and teacher 
educators {85% and 74%, respectively;; teachers at all levels 
had more reservations (support averaged 50%); and parents and 
school beard members gave weak support to increased 
emphas is. 

With regard to the attitudes of children, there seems to be 
evidence that calculators positively influence students 1 
immediate reactions concerning their feelings about 
themselves and the problem they have just completed. 
Evidence supporting more general and lasting attitudinal 
changes is not available (Roberts, 1 980) • 

Bi b ; ography 

A Pos i t ion Statement on Ca I cu I ators i n the CI assroom , Res ton, 
Virginia: National Council of Teachers of Mathematics, 
September, 1 978 • 

An Agenda for Action: Recommendat i ons for School Mathematics of 
the 1980*5 , Reston, V irginia: Nat ional Counci I of Teachers 
of Mathematics, 1980. 

Carpenter, Thomas P. et al. Calculators in Testing Situations: 
Results and Implications from National Assessment, The 
Ar i thmet i c Teacher , Reslon, Virginia: Ni 4 ional Tounci I of 
Teachers of Mathematics, January, 1981. 

I rrmerzeel , George et a I • Teaching Mathematics With the Hand-Held 
Calculator , Cedar Falls: Iowa Problem-Solving Project ( ESEA 
Title IV-C), 1978. 
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Priorities in School Mathematics (PRISM) , Final Report, ERIC: 
Ed SE 030 577-578, 1979. 

Roberts, Dennis M. The Impact of Electronic Calculators on 
Educational Performance, Rev iew of Educational Rese arch 50. 
Washington: The American Educational Research Association, 
Spring, 19*0. 

Suydam, Marilyn N. Us i nq Ca I cu I ators i n Pre-" o I I eq e Educat i on : 
T *-ird Annual State of the Art Revew , lumbus, Ohio: 
Calculator Information Center, August, 1980. 

Wheat I ey , Char I otte L. Ca I cu I ator Use and Prob I em-Sol v i ng 
Performance. Journal for Research in Mathematics Education 
1 1 . Reston, Virginia: National Council of Teachers of 
Mathematics, November, 1980. 
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Appendix B 

Suggestions for Calculator Selection 



There are numerous models of calculators on today's market, 
not all of which are suitable for classroom use. Some calculators 
have features appropri ate for el ementary school student use but 
ma/ lack some essential features required for higher level 
mathemat ics. 

It would not be practical to suggest purchasing one specific 
brand of calculator because models and prices change frequenlly. 
To purchase the most appropriate calculator at the "best 11 price, 
it is necessary to consider its functions in relation to the 
intended levels or educational nurposes to be served, A list of 
desirable foatuies for effective classroom use at the various 
levels is provided b^low. 

Careful consideration should be given to the purchase of a 
calculator or a set of calculators for classroom use, A class set 
of calculators can be a considerable i nvestn.ent, so it is 
importanl to compare prices and capabilities. Warranty and 
availability of service are major considerations which may 
minimize additional expenditures after the initial purchase. 



oeleciing a Calculator 

The first step : electing a calculator for use at any level 
is to assess the needs of the users (students). The following 
list of features should be .onsidered before a decision is made in 
regard to purchasing a calculator. 

Feature Comments 

Sturdiness or Durability Check on droppage, malfunctioning 

incidents, etc. 

Type of Logic Algebraic mode (natural order 

arithmetic). 



- 9 - 



° 1 4 

ERLC 1 4 



Feature 



Commants 



Type of Logic (cont.) 



D i sp lay 



Functions 



The numbers and operations are 
processed in the order in which 
they are entered. This type of 
logic has been found most 
successful with elementary and 
junior high school students. More 
sophisticated calculators which 
automatically insert order of 
operation rules or parentheses are 
fairly costly. 

Eight-digit display is sufficient. 
The display should be easily 
readable (large and clear) and have 
an acceptable viewing angle 
especially if more than one person 
is to view it at the same time. 

Th' ~e are two display types 
a> ii lable: 

l.LD (Light Emitting Diode) and 
LCD (Liquid Crystal Display). 

Each one has advantages and 
disadvantages. The LED is cheaper 
but has higher battery drain and 
some are not readable from a wide 
angle. The LCD is more expensive 
but has iow battery drain and is 
readable from a wide angle. 

The four operations ( + ,-,x,<*-) are 
essential at all levels. The 
percent function is not necessary 
at th<* elementary levei, bui it is 
necessary at the higher levels, A 
percent function which allows sum 
or difference calculation is 
desirable. 

The square rooT function is also 
necessary for higher level 
mathemat i cs. 
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Feature 



Comments 



Funct ions (cont • ) 



Type of Decimal Notation 



Keys 



Power Source 



Automatic Constant 



Memory 



ERIC 



Other funct ions (e.g. tr i gono- 
metr i c, I ogar i thmi c, etc. ) may be 
deemed necessary at the high school 
levels. Scientific notation may be 
desirable at this level. 

The change of sign key is important 
i f conven i ent man i pu l3t ion of 
i ntegers is needed. 

Floating decimal — the decimal can 

be made to apoear anywhere on the 

d i sp lay. Check the way the 
calculator rounds off numbers. 

I n genera I , each key shou Id nave 
only one purpose. Preferably, the 
c I ear entry key and the c I ear key 
should be separate. Function keys 
shou Id be di f ferent in color from 
numera I keys. Ca leu lators used by 
elementary students shou Id have 
keys which offer some resistance or 
give some response when pressed. 

Long life replaceable batteries 
seem to be most cost and time 
ef f i ci ent. Automat i c shut-off is 
one feature that can maxi mi ze 
battery I i f e. 

Allows calculator to count. Usually 
incorporated in the [=] sign. This 
is only desirable for use at the 
elementary level • 

Not essent i a I at the el ementary 
level , but it is usef u I in solvi ng 
some equations. Very necessary for 
junior and senior nigh levels. 
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Appendix C 

National Council of Teachers 
of Mathematics: 
An Agenda for Action 

— RECOMMENDATIONS FOR SCHOOL MATHEMATICS OF THE 1980's 



Recommendation 3* 



Math&matics Programs Must Take Full Advantage of the Power of 
Calculators and Computers at All Grade Levels * 

Beyond an acquai ntance w i th the role of computers and 
calculators in soci?1/, most students must obtair a working 
knowledge of how to use them, including the ways in which one 
communicates with each and commands their services in problem- 
sol vi ng. 

The availability of computing aids, including computers and 
calculators, requires a re-examination of the computational skills 
needed by every citizen. Some of these computational skills will 
no longer retain their same importance, whereas others will become 
more important. 

It is recognized that a significant portion of instruction in 
the early grades must be devoted to the direct acquisition of 
number concepts and sk i I l s w i thout the use of ca I cu I ators. 
However, when the burden of lengthy computations outweighs the 
educational contribution of the process, the calculator should 
become readily available. 

W J *h the increasing availability of microcomputers at 
decreasing costs, it is imperative that schools play an active 
part in preparing r ^udents of the 1980 f s to live in a world in 
which more and more functions are being performed by computers. 



Recommended Act i ons 

3.1 AU Undent* should /iave access to calculator and inuuiMinQliJ 
to computvu tlvicugkout thcin school mathematics piogham. 

Schools should provide calculators and computers for use 
in elementary and secondary school classrooms. 

Schools should provide budgets sufficient for calculator 
and computer maintenance and replacement costs. 
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3«2 7/ie u^e o ^ oZzctAonic tool* *uch at> ca£ctilaton*> and computer 
bkouZd be -uitzgriatzd into thz cote maX/iCMi£cc<6 caftxca£u.m. 

Calculators should be available for appropriate use in 
a I I mathematics classrooms, and instructiona I objectives 
should include the ability to determine sensible and 
appropri ate uses. 

Calculators and computers should be used in imaginative 
ways for exploring, discovering, and developing 
mathemat i ca I concepts and not mere I y for check i ng 
computational values or fo r drill and practice. 

Teachers should ensure in their classroom management that 
the use of computers by indi v i dua I students in isolated 
a ct i v i ty does not rep I ace the cr i t i ca I class room 
i nteration of students w ith peers and teacher. The 
healthy give-and-take of group work and discussion, which 
promotes values of communication, cooperation, empathy, 
mutual respect, and much of cognitive development, 
remains essential. 

3.3 CuAAlcaZum mctizAiatb tlvxt intzgfiatz and KzqiuAz thz a^e Ojj thz 
calcuZatoti and computzA in divz/uz and wnaginativ e wxiip should 
be developed and made avaiZablz. 

Schools should insist that materials truly take full 
advantage of the immense and vastly divert potential o* 
the new media. In particular, developers of software 
should be cautioned that just to use conventional 
material jnd techniques newly translated to the medium of 
the computer will not suffice. 

Educators should take care to choose softv.are that fits 
the goals or objectives of the program and not twist the 
goals and developmental sequence to fit the technology 
and available software. 

3.4 A computzA titzAactj cou/uz, ^amitta/iizing thz Atudznt tvttk thz 
Kolz and impact u& thz computzA, should be a paxt ofa thz gznz/iaZ 
zdacation o& zvZAtj ^tixdznt. 

In cooperation with schools and professional teacher 
organizations, funding agencies should support the 
development of courses in computer literacy for both 
junior and senior high school levels. 
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3.5 Ml matkemcuUcsb tvxciwu should acquiAe computeA LLtoxacij eltheA 
thuough piteQAvicz pKogKamb ok thAough in-& eAvice pKogiam* funded 
bij school dibtAlcU in ondeA to deal with the impact oh computet 
on theiA own live* and to keep pace with the inevitable AopluAti- 
cation theiA students witi achieve. 

Colleges should provide courses for both preservice and 
in-service education in computer literacy, programming, 
and instructional uses of calculators and computers. 

Professional organizations should provide information 
through the I r var i ous med i a, conferences, workshops, and 
seminars to aid in the in-service education of teachers 
in uses of the calculator and computer. 

3.6 Secondary school computeA connate should be deAigned to provide 
the neceAAaAy background fan advanced woik In computeA science. 

Curriculum design should provide the required foundation 
for those students who will be involved in careers that 
i ncreas i ng I y demand advanced comput ing sk ills and 
applications of computing and for those students who 
will go on to deeper study in frontier fields of computer 
deve lopment. 

3.7 School admiyuAtAotoKA and teachoAA should initiate interaction 
uoith the home to aclvievo. maximum b^ne^iX to the student hnom the 
coordinated home and school iMe ofa computet and calculator. 

Criteria should be developed to assist parents and school 
personnel in their selection of home/school computing 
hardware. 

Professional organizations of teachers, mathematicians, 
and computer scientists should develop guidelines to aid 
schools, teachers, and parents in the selection of 
educationa I soflware. 

The uses of technological de\ices sue > as calculators, 
computers, video disks, and electronic games in the home 
and other out-of-school places should be anticipated. 
Programs should be planned tnat will encourage the 
positive and educationally beneficial use of these 
devi ces. 

As home computers come into wider use, homework should be 
assigned that can take advantage of their potential in 
problem-solving. 

- 14 - 
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5#8 Educational us OAS oh electronic technology should demand a 
dual responsibility hrom manuhacturers : the development oh 
qood software to promote the problem- solving abilities oh the 
student and, eventually, the standardization and compatibility 
oh liardwasie. 

5#9 Provisions should be made by educational institutions and agencies 
to help in the necessary task oh educating society f s adudtts in 
computet literacy and programming. 

3.10 Teacliers oh other school subjects in wkich mathematics is applied 
should make appropriate use oh calculators and computers in the^ir 
instructional programs. 

3.11 Teacher education programs far all levels oh mathematics should 
include computer literacy, experience wtth computer programming , 
and the study oh ways to make the most e^ec^tve o*e oh computers 
and calculators in instruction. 

3.12 Certihication standards should include preparation in computer 
literacy and the instructional uses oh calculators and computers. 



From An Agenda For Action (pages 8-UJ: A publication of The 
National Council of Teachers of Mathematics. 
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Appendix D 

Research Reports 



(The following research reports were taken from Suydam, 
Marilyn N. , Calculator Information Center, May 1980). 

Ba I ka, Don S. A Survey of Parents 1 Attitudes Toward 
Calculator Usage in Elementary Schools. South Bend, Indiana: 
University of Notre Dame, 1979. Teachers in a workshop sent a 
12- item questionnaire to parents and teachers of grades k-9; 334 
responses were received. Parents were skeptical about the use of 
calculators in elementary grades. They agreed that calculators 
could be used for motivation, and along with paper-and-penci I 
computation, but expressed moderate disagreement with the use of 
calculators for homework and were very negative about replacing 
paper-and-penci I computation. 

Bitter, Gary. Calculator Teacher Attitudes Improved Through 
In-Service Education. School Science and Mathematics 30 : 323- 
326; April 1980. No significant difference in attitudes toward 
calculators was found between primary, middle, and upper grade 
teachers,. A two-hour workshop appeared to improve attitudes 
s ign i f i cant I y. 

Chang, Lisa Li-Tze. An Examination into the Effects of 
Calculator-Assisted Instruction on the Mathematics Achievement and 
Attitude of Seventh and Eignth Grade Disadvantaged Students. 
(Cornel I University, 1979.) D i ssertat i on Abstracts I nterna* i on a I 
40A: 1323-1324; September 1979. Students (n = 126) in grades 7 
and 8 were randomly divided into two groups. For 24 weeks, one 
group had ca I cu lato r s avai I abl e dur i ng lessons, but not on tests 
or for taking home; the other group used only paper and pencil. 
No significant differences between groups were found on 
computation, concepts, or attitudes; a highly signi f icant 
difference on problem-solving favored the calculator group. 

Cohen, Martin P. and Fliess, Robert F. Mi n i ca I cu I ators and 
Instructional Impact: A Teacher Survey . Pittsburgh: University 
of Pittsburgh, 1979. ERIC: ED 178 360. Teacher attitudes, 
practices, and perceptions about school policies on calculator use 
were surveyed. Over 63$ were strongly or mildly in favor of using 
ca leu I ators. The need for i nstruct iona I mater i a Is usi ng 
calculators was apparent. 
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Conner, Totsye, J. Effects of Calculate Use in Elementary 
School Studied at P.K. Yonqe Laboratory School . Gainesvi Me: 
University of Florida, 1979. Two classes each of kindergarten, 
second-grade, and fourth-grade students used ca leu lators for 10 
months. No significant difference in achievement was found in 
grades 2 and 4; the kindergarten group using calculators scored 
significantly higher than the non-calculator group. 

Creswell, John L. and Vaughn, Larry R. Hand-HeM Calculator 
Curriculum and Mathematical Acnievement and Retention. Journa I 
for Research in Mathematics Education 10 : 364-367 ; November 1979 • 
The ninth-grade Fundamentals of Mathematics students using 
ca leu I ators scored s ign i f icant I y h igher on immed i ate tests ihan 
students not using them, but no significant retention effects were 
found. 

Engelmeyer, William James. The Effectiveness of Hand-Held 
Calculators for the Remediation of Basic Multiplication Facts. 
(University of Maryland, 1978.) D issertat i on Abstracts 

International 39A: 538 1 ; March 1979. Three groups of under- 
achiev i ng seventh graders (n = 193) part Ici pat ed. One group 
received 15 minutes extra of practice on multiplication facts with 
calculator feedback. A second group had 15 minutes extra group 
instruction on the facts, while a third group had only "normal" 
mathematics instruction. No significant difference in achievement 
was found between the two extra practice groups. 

Fugate, Barbara Pi ley. An Assessment of Attitudes, Self- 
Concept, and Mathemat i ca I Ach i evement Resu 1 1 i ng from the U se of 
Minica leu lators. (North Texas State University, 1978). 
Pi ssertat i on Abstracts I nternat i ona I 39A; 6531-6532; May 1979. 
Three fourth-grade and three fifth-grade classes used calculators. 
Their use did not improve achievement, attitude, or self-esteem. 

Krist, Betty J. Using Calculators in Eleventh Grade 
Mathematics - t Classroom Teacher ! s Report. Buffalo: State 
University of New York at Buffalo, 1978. Comments from a teacher 
using the Math 1 1 programmab I e ca I cu I ai or mater i a I s deve I oped by 
Rising et al., are given. 

Moser , J ames M. The Effect of Ca I cu I ator Supp I emented 
Instruction Upon the Arithmetic Achievement of Second and Third 
Graders . Technical Report No. 502. Madison: Wisconsin Research 
and Development Centre for I ndividual ized School ing, September 
1979. ERIC: ED 180 764. Four classes in grades 2 and 3 used 
calculators with 1he on-going instructional program, while four 
c lasses did not have access to ca leu I atom. Sign i f icarn 
differences favored the second-grade calculator group only on 
subtraction and the third-grade group only on place value and 
division; no other differences were significant. 
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Noone, Jean AbboTt. Effects of ftie Use of Hand-Held 
Ca I cu I ators on Mathemat i cs Ach i evement and Att i tude Toward 
Mathematics of Seventh Grade Students. (University of Virginia, 
1 979 • ) Pi ssertation Abstracts 1 nternationa 1 40A: 3849; January 
1980. Four seventh-grade classes were randomly assigned to groups 
using calculators for two months. No significant differences were 
found between groups on measures of achievement and attitudes. 

Ogletree, Earl J. and Etlinger, Leonard. Should Hand-Held 
Calculators Be Used in the Elementary School: A Survey. Chicago: 
Chicago State University, February 1980. Teacher reactions to how 
the calculator might be used in schools were obtained. Generally, 
■ t was f e 1 1 that they shou I d not be used unT i I has i c facts are 
learned, although 96% recognized that children can learn 
mathematics from using calculators. 

Pedersen, Dean Anthony. The Effect of the Calculator on the 
Elementary Mathematics Student. (University of Northern Colorado, 

1978. ) Pi ssertation Abstracts I nternat i ona I 59A: 4794; February 

1979. Students in grades 2, 3 and 6 (n = 309) were assigned to 
groups using or not using calculators for eight months. No 
significant difference in achievement was found. 

Reys, Robert E.; Besrgen, Barbara J.; Rybolt, James F.; and 
Wyatt, J. Wendell. Hand Calculators: What T s Happening in Schools 
Today? Arithmetic Teacher 27: 38-43; February 1980. See also: 
Wyatt, J. Wendell; Rybolt, James F.; Reys, Robert E.; and Bestgen, 
Barbara J. The Status of the Hand-Held Calculator in School — 
Implications for Parents, Teachers and Administrators. Phi Delta 
Kappan 61: 217-218; November 1979. Results from interviews with 
194 elementary and secondary teachers in Missouri are presented. 
Eighty-four percent said that calculators should be available to 
children in school. Eighty percent felt that children should 
master tiie four operations before using calculators. Almost two- 
thirds indicated the need for in-service training. 

Roberts, Denni s M. The I mpact of E lectron i c Ca I cu I ators on 
Educational Performance. Review of Educational Research 50: 71- 
98; Spring 1980. Thirty-four experimental studies on calculator 
use are critiqued. Results showed support for the computational 
benefits of calculator use, but support for conceptual benefits 
was minimal. Attitude changes were immediate and task-specific 
Defective research designs were noted. 

Roesch, Carl J. Reflecting the New Computation in Eleventh 
Year Mathematics. Buffalo: State University of New York at 
Buffalo, W78. This report presents comments and data from a 
teacher using the Math 1 1 programmable ca leu I ators materials by 
Rising et a I . 
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Standifer, Charles tdward. Achievemeni and Attitude of 
Third-Grade Students Using Two Types of Calculators: (Northeast 
Louisiana University, 1978.) Di ssertation Abslracts Inter- 
national 39A: 5314; March 1978. Nine third-grade classes were 
randomly assigned to use calculators 8-10 minutes per day for 
checking and other activities, to use programmed feedback "calcu- 
lators" 8-10 minutes per day for drill, or to have a traditional 
paper-pencil approach for 16 weeks. Significant differences 
favored the calculator group over both others on acquisition and 
retention computation measures, and the programmed-f eedback group 
over the control group on acquisition. No differences for 
concepts or atti rude were found. 

Szetela, Walter. Calculators and the Teaching of Ratios in 
Grade 7. Journal for Research in Mathematics Education 11: 67- 
70; January 1980. Students in two seventh-grade classes were 
randomly assigned to instruction on ratios using or not using 
calculators for three weeks. No significant differences in 
achievement or attitude were found between groups on paper-pencil 
tests. 

Toole, Betty Ann Zel ig. Evaluation of the Effectiveness of 
Calculator Assisted Curriculum instruction in Ninth Grade General 
Mathematics Classes. (University of California, Berkeley, 1979.) 
D i ssertat i on Abstracts I nter nat i ona I 40A: 3852-3853; January 
1980. Six ninth-grade general ma+hematics classes used a 
calculator-assisted supplementary curriculum during one-fifth of 
instructional time, while the control group used the regular 
curriculum. No significant difference was found between groups 
except for high-scoring students who used the calculator 
curr i cu lum. 

Townsend, Gloria Childress. The Effect of Programmable 
Calculator Use on Probability Estimation Achievement and Attitude 
Toward Estimation of Students in Second Year Algebra. (Indiana 
University, 1979.) Pi ssertat ion Abstracts International 40A: 
1936; October, 1979. Three Algebra II classes used 10 days to 
investigate a series of probability exercises. The student- 
programming group estimated answers and then wrote their own 
programs to verify their estimates, while a second group used the 
teacher's program and the control group received results from a 
hypothetical experiment to verify estimates. Some difference in 
estimation achievement was noted for the student programming 
group; attitudes were significantly better than in the control 
group. 

Varmatta, Glen D. and Hutton, Lucreda A. A Case for the 
Calculator. Arithmetic Teacher 27: 30-31; May 1980. The use of 
calculators by 36 i ntermed i ate- I eve I classrooms in Indianapolis is 
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descr i bed. Mater i a Is corre I at i ng ca leu lator use with textbooks 
were prov i ded for teachers • Resu I ts after two years of use 
indicated achievement "'well above noma I expectations" in computa- 
tion and problem-solving. 

Weaver, J • Fred. Th ird Grade Students t Performance on 
Ca I cu I ator and Ca I cu I ato.'-Re I ated Tasks . Techn i ca I Report No. 
498. Madison: Wisconsin Research and Development Center for 
Individualized Schooling, July 1979. ERIC: ED 176 992. Refine- 
ments of work w i th ca I cu I ator a I gor i thms prev i ou^ I y cond ucted by 
1he author are reported. Work with "chaining" and 1he doing/un- 
doing property in addition and subtraction was tested with 24 
th ird-grade students. Resu Its i p .d icated the need for further 
instruction with both ideas. Students were able to manipulate the 
calculator keyboard, but had difficulty with the conceptualiz- 
ations of the calculations to be executed. 

Weaver, J. Fred; Blume, Glendon W.; and Mitchell, Charles E. 
Calculator Explorations with Seventh Grade Students: Some 
Calculator-Inspired Instructional Materials, Observations, and 
I nvest iqat ions . Technical Report No. 497. Madison: Wisconsin 
Research and Development Center for Individualized Schooling, July 
1979. ERIC: ED 177 019. Observations and instructional 
mater i a I s from ca I cu 1 a for exp I or at ions w ith seventh-grade 
students from 1976 and 1978 are presented. Algebraic-logic cal- 
culators with no operational hierarchies were used; at the end of 
the year, RPN calculators were introduced. 

West, Tommie A. The Effectiveness of Two Drill Strategies 
(Paper and Pencil, Electronic Calculator) in Facilitating the 
Learning of Bas ic Mu I t ip I icat ion Combinations with Factor^ of 7, 8 
or 9. School Science and Mathematics 80: 97-102; February 1980. 
Ninety pupils in grades 4-6 were randomly assigned to calculator, 
paper-penci I , or control groups for two weeks. The ca leu lator 
group used a preprogrammed "Matheputer". AM grcu|.s made gains on 
multiplication fact tests, but the paper-penci! group improved 
most. 

Wheatley, Grayson H. and Shumway, Richard J. Impact of Cal- 
culators in Elementary School Mathematics . Final Report, National 
Science Foundation Grant No. SED77 - 18077, July 1979. ERIC: ED 
175-720. See a I so: Wheat ley, Grayson H. ; Shumway, Richard J. ; 
Coburn, Terrence G.; Reys, Robert E.; Schoen, Harold L.; Wheatley, 
Charlotte L.; and White, Arthur L. Calculators in Elementary 
Schools. Ar ithmet ic Teacher 27 : 18- 24; September 1979. Two 
c lasses from each grade 2-6 in f ' ve locations part ici pated, with 
the class at each level randomly assigned to the calculator group 
and the other to the non-calculator group. Both groups used the 
on-goi ng program. No sign i f icant di f f erences were found between 
groups; attitudes of the calculator group /ere favorable. 
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Zastrocky, Michael R. Development and Implementation of a 
Diffusion Mooel ' ncorporat i ng the Hand-Held Calculator into a 
Secondary Curriculum, (University of Northern Colorado, 1979.) 
Pi ssertat i on Abstracts I nternat i ona I 40A: 4458; February 1980. 
The model considered how calculators can be incorporated into a 
mathematics program. Systems commitment, needs assessment, goals, 
resources, training, evaluation, and dissemination were 
d i scussea. 

Z i nk, Rona I d Joseph. The E f f ects of Us i ng a Programmed 
Printing Calculator to Improve the Computational Skills of 
Reined i a I Mai hemat ics Students i n Grades (Col umb ia 

University Teachers College, 1979.) D i ssertat i on Abstracts 
Interna t ion al 40A: 4942;; March 1980. Students in grades 7-12 
(n = i08) used dri I l-and-pract i ce programs w i th or w i u hout 
calculators. No significant differences were found between 
treatments. 

Zweng, Mari lyn J. Ch i I d r en 1 s Strateq i es of So I v i ng Verba I 
Problems . Iowa C ity: University of I owa, August 1979. ERIC: 
ED 178 359. Several findings on calculator use were noted in this 
stud/; in particular, average and low ability students used 
calculators more often than high ability students. Thoy were used 
more often on division problems. 
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Appendix E 

Policy Statement on the Use of Calculators 
on Alberta Education Examinations 



Pol i cy Statement 

In recognition of the widespread instructional use of 
cal cu lators in A I berta school s, thei r re I at i ve low cost, 

accessibility and efficiency in calculations, hand 

calculators will be allowed for use on provincial 

examinations at the Senior High School level beginnirg June, 
1980. 



The use of calculators on provincial examinations, 
however, is not mandatory. Students may continue to perform 
calculations in the usual man'.er. 



Provincial examinations referred to in this policy 
statement i nc ! ude the ach i evenent exam i nat ions and the 
departmental examinal ions. 

Policy Guidelines and Principles 

1 • Power of the Calculator 

Calculators should have provision for the following 
c apabi I it ies: 

(a) to perform the four basic operations 
(add it ion, subtraction, 
multiplication and division) 

(b) to compute square root, percentage 
and the trigorometri^ functions. 

if a programmable calculator is used, the memory shall be 
"cleared" before the beginning of a departmental 
examination using a clear-out key or by other means. 

2. Access i bi I i ty 

Alberta Education will not supply calculators, batteries 
or alternative power supplies. 

3. Calcu lator Fai lure 

Students are adv i sed to take precaut ionary measures to 
guard against possible calculator failure during the 
examination period. 
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